Abstract
Introduction
After the shock of 1.8 pain threshold we asked participants to assess the current stimulation level 116 as bearable or too high. All participants reported the current level as moderately painful but not 117 too strong to be called unbearable. The procedure then was repeated in the opposite direction, 118 decreasing the stimulation from the level of 1.8 pain threshold to the level at which the stimulus 119 was not experienced as pain anymore (i.e., the second pain threshold), and further decreasing it to 120 the level at which the participant ceased to experience the stimulus altogether (i.e., the second 121 sensory threshold). The final values of the sensory and pain threshold were calculated as the 122 averages of the first and second sensory threshold, and of the first and second pain threshold,
123
respectively. The amplitude of the pain stimulus (US+) was set at 1.8 x pain threshold, and the 124 amplitude of the tactile stimulus (US-) was chosen as the middle value between sensory and pain 125 thresholds. For example, if the sensory threshold was 3 mA and the pain threshold was 17 mA, 126 then the amplitude of US+ was 31 mA, and that of US-was 10 mA.
127
The experiment entailed two phases: an acquisition phase and a test phase (see Figure 1 for 128 graphical representation of the experimental design). During the experiment, subjects were sitting 129 in a comfortable chair with closed eyes. They heard three harmonic tones presented binaurally by 130 means of pneumatic earphones (3M E-A-RTONE). One of them (Standard) consisted of the 131 frequencies 150, 300, 600, 1200, and 2400 Hz. The other two were referred to as Deviant 1 (100, 132 200, 400, 800, 1600 Hz) and Deviant 2 (250, 500, 1000, 2000, 4000 Hz). The only instruction was 133 to sit still and to listen to the tones.
134
In the acquisition phase the three sounds were presented each 21 times in a random sequence. With 135 100 % reinforcement rate one of the two Deviants (CS+) was randomly selected to be paired with 136 the pain stimulus (US+), and the other Deviant (CS-) was similarly paired with the tactile stimulus any other stimulus.
139
The test phase started immediately after the end of the acquisition phase. It was an oddball 140 paradigm where the Standard was presented 280 times, and the Deviants, 60 times each. The order 141 of the presentation was random except that the same Deviant could not be delivered more than two 142 times in a row. Tone duration was 200 ms with stimulus-onset asynchrony (onset-to-onset) varying 143 between 1150 and 1250 ms. Tone intensity was kept about 65 dB above the average threshold.
144
The test phase followed the procedure of partial reinforcement: each Deviant was randomly 145 followed by the corresponding electrical stimulus on nine of the 60 presentations, but presented 146 without an electrical stimulus on the remaining 51 trials (Figure 1 ). Only these unreinforced trials
147
were included into analysis. The average intensity of the pain stimulus (US+) was 39.7±15.9 (range 148 17-75) mA, and the average intensity of the tactile stimulus (US-) was 13.2±4.4 (range 6-23) mA. be useful in performing a synchronization analysis (Cavanagh et al., 2010; van Driel et al., 2014) . 
Condition (CS+ vs CS-).
We estimated phase connectivity by means of the debiased weighted phase-lag index (dwPLI; in the number of trials between conditions. In order to identify the activity of the auditory cortex,
207
we applied CSD transform to the ERP data. The sources of the N1 components were found at P7/8,
208
T7/8, TP9/10, and P7/8 electrodes ( Figure 2 ). Because it is known that N1 is originated mainly in 209 the auditory cortex (e.g., Pantev et al., 1995) , the above electrodes were used in the connectivity 210 analysis. dwPLI was calculated for each possible pair of electrodes between the left somatosensory 211 ROI and the left auditory ROI, the same was done for the right ROIs.
212
Cluster-based permutation tests (Maris and Oostenveld, 2007) were run for an exploratory analysis 213 of the differences in connectivity between CS+ and CS-. First, dwPLI in the left somatosensory-214 auditory ROI over each frequency and time point entered the test with 5000 permutations.
215
Statistical significance was set at p<0.05, after cluster-based correction. Then the test was repeated 216 for the right ROI.
217
The time-frequency, connectivity analyses and permutation tests were performed by means of the
218
Fieldtrip toolbox (Oostenveld et al., 2011) . effects, see Figure 3 ).
236
After conditioning, P3a was larger in response to CS+ than to CS-(the main effect of Condition). did not yield significant effects.
244
The waveforms and scalp distributions of the extracted ERP components are depicted in Figure   245 3. 
Time-frequency analysis

271
Since the shocks were always applied to the left hand we expected to observe asymmetry in 272 activation of the somatosensory cortex in the test phase, but in response to conditioned auditory 273 stimuli not followed by further pain or tactile stimulation.
274
We found a significant interaction between Condition and ROI ( (F(1, 18) to meaningful and emotionally laden stimuli associated with electrical shocks.
310
The amplitude of the late positive potential (LPP) was also larger in response to CS+ than CS-.
311
The LPP was shown to be a reliable electrophysiological index of emotional processing in humans result, but the corresponding beta desynchronization was pronounced over a longer interval 358 between 0 to 600 ms after US omission (see Figure 5) 
